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Background
• Demands: High-performance, reliable, in situ sensors are highly demanded for advanced process control and lifecycle management in existing and future advanced power and fuel systems -Improved efficiency/safety/reliability/availability/maintainability -Emission reduction -Enhanced fuel-flexibility
• Status: Current sensor technologies (commercial and research) capable of operating in harsh conditions are extremely limited
Objectives
• Main objective: Development and demonstration of sensors for simultaneous measurements of high-T (upto 1600 o C) and dynamic gas pressure
• Requirements: Survive and operate in the high-T, high-P and corrosive/erosive harsh environments for a long period of time 
Two Phases
• Phase I (18 months): prove the concept of the sapphire fiber HEIFPI sensors for measurements of high temperature and dynamic gas pressure.
• Phase II (18 months): optimize, characterize and demonstrate the key functions for simultaneous measurement of temperature and dynamic gas pressure in a laboratory simulated high temperature, high pressure harsh environment.
• Team work with the engineers from Ameren Corporate (AC) to collectively define a plan for packaging, installing and testing our sensors and measurement system in AC's test facilities 
Why fs Laser Micromachining?
• Challenge: directly fabricate micro or nano structures on a small size cylindrical substrate such as an optical fiber
• Well established IC technology (etching, photolithography) will not work since they are designed for flat substrate fabrication only.
• Femtosecond (fs) laser micromachining:
-High accuracy (sub-micron), -One-step, fast ablation, 3D fabrication capability -Works on a diverse variety of materials including metal, silica, polymer, sapphire, etc. 
Existing Fs Laser Micromachining System
Precursor coating Precursor coating
Various ceramic thin films have been successfully coated on optical fibers before for gas sensing
